The main objective of this study was to evaluate antimicrobial activity of ethanolic extract of spices along with determination of its synergistic effect against few selected pathogens. Methods: In this study, ethanolic extract of 5 different spices; Zingiber offi cinale (Ginger), Allium sativum (Garlic), Curcuma longa (Turmeric), Capsicum annum (Chili) and Allium cepa (Onion) were obtained by using Soxhlet apparatus. The ethanolic extract was concentrated by evaporation and different concentrations of extract were prepared in Dimethy Sulphoxide (DMSO) solvent. Test organisms included mainly pathogens i.e. Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae. The antimicrobial activities of the extracts were determined by well diffusion technique both individually and in combination. On the other hand, Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) was determined by serial dilution technique. The result were interpreted on the basis of the fact that the growth occurs in positive control and other tubes with inadequate amount of extract whereas the lowest concentration of agent that inhibits growth of organism, detected by lack of visible turbidity by inhibition of 99% is designed as the MIC. The MBC is identifi ed by determining the lowest concentration of extract solution that reduces the viability of the initial bacterial inoculum by a predetermined reduction such as ≥99.9%. Likewise, for determination of Fractional Inhibitory Concentration Index (FICI), two extracts were combined along with standardized inoculum of bacterial strain. Tubes without visible turbidity were streaked on agar plate and observed for 99.9% killing.
INTRODUCTION
Spices are indispensable components of Nepalese cuisines since ancient times and are considered medicinal purposes for several centuries due its extensive antimicrobial and antioxidant property.
The activity of herbs and spices are not only limited to boosting fl avor, but also recognized for their preservative and medicinal value (Panpatil et al. 2013 ).
Food-borne illness caused by consuming food and
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Published Online: December, 2019 DOI: https://doi.org/10.3126/tujm.v6i0.26573 TUJM VOL. 6, NO. 1, 2019 beverages contaminated with bacteria, fungi can cause symptoms that range from upset stomach to more serious symptoms such as diarrhea, fever, vomiting, abdominal cramp, dehydration. Fifty years of increasing uncontrolled use of chemical antimicrobials have created a situation leading to an ecological imbalance and enrichment of multiple multi-resistant pathogen microorganisms (Aktug and Karapinar 1986) . The burgeoning concern about safety of foods has recently led to the development of natural antimicrobials to control food borne pathogens. Addition of spices in foods imparts fl avor and pungent stimuli and more importantly its natural products and naturally derived components shows antimicrobial property.
Ginger, a member of family Zingerberaceae, is an erect perennial plant growing from one to three feet in height; its stem is surrounded by sheathing bases of the two ranked leaves. Fresh ginger has been used for cold induced diseases, nausea, asthma, cough, colic heart palpation, dyspepsia, loss of appetite and rheumatism (Tyler 2002) . Garlic (Allium sativum), belongs to Alliaceace, comprise numerous discrete cloves whereas leaves and stems are sometimes eaten, particularly whole immature and tender. It is claimed to help prevent heart disease including antherosclerosis, high cholesterol, high blood pressure and to improve immune system as well as protection against cancer (Maryland 2006) . The onion (Allium cepa) belongs to Liliaceae family consisting of herbaceous plant part and edible bulb part; rich in proteins, carbohydrate, sodium, potassium and phosphorus (Cox et al. 2000) . They are effective against common cold, heart disease, diabetes, osteoporosis, coughs and sore throat (Juven et al. 1994 (Britto et al. 2009 ). Chemical analysis has demonstrated that capsicum fruits contain relatively high concentration of several essential nutrient including vitamin C up to 6 times the concentration of orange (Sagdic et al. 2003) Therefore, the investigation of antimicrobial properties of spices used as food additives to control the growth of food-borne pathogens may give useful results. But the main obstacle for using spices and medicinal plants as food preservatives is that their high concentration is required in food to inhibit the microbial growth as well as oxidation. This high concentration of spices and herbs causes negative organoleptic effects i.e. alter the taste, color, odor and texture of food and limit their use in food preservatives system as well as to develop safe and potent antimicrobial and antioxidant food preservatives from them (Burt 2004).
Several researchers have investigated the individual effects of essential oils of spices and medicinal plants on antimicrobial activity against food borne bacteria as well as antioxidant activity. Study performed by Maharjan et al. (2012) compares the sensitivity of some human pathogenic bacteria to various spice extract viz. essentials oils, acetone and methanol extracts by agar well diffusion method. Of the different spices tested clove, ajowan and cinnamon were found to possess relatively higher antimicrobial activities. The MBC value ranged from 0.39 to 25mg/ml. The lowest MBC value was given by essential oil of cinnamon against E. coli, S. aureus and S.Typhi. In contrast to these studies, this research mainly focuses on the spices that are used in food items in regular basis and focuses on synergistic interaction of selected spices against selected pathogens as their combination effects on both antimicrobial and antioxidant activities seem to be dubious. This approach may increase the antimicrobial and antioxidant effi cacy at suffi ciently low concentration by taking their advantages of possible synergistic interaction which may reduce their adverse side effects as well as negative organoleptic effect in food and facilitate their use in food preservation system (Foster 2004) .Therefore, the main aim of the study is to shed some light on the antimicrobial potency of spices used in Nepal with main regard to synergistic activity of spices.
MATERIALS AND METHODS
Collection of spices:
Five different fresh spices viz., ginger, garlic, turmeric, chili, and onion free from disease were collected from various places of Lalitpur.
The study was carried out in Microbiology laboratory of Pinnacle College, Lagankhel, Kathmandu.
Soxhlet extraction with 96% ethanol:
Thoroughly washed dried leaves of 5 selected spices were dried under shade at room temperature for four days. The dried samples were cut into pieces by means of plant cutter and subjected to grinding. 25 gm of obtained dried powder was subjected to soxhlet extractor along with 150ml of 96% ethanol followed by fi ltration using Whatmann fi lter (No 1). For removal of ethanol from the extract, it was placed on evaporating dish placed over Bunsen burner. Finally, dense extract was diluted in 10% Dimethyl Sulphoxide (DMSO) to obtain standard working solution (Rajendhran 2008) .
Preparation and standardization of inoculum:
The Gram positive (S. aureus) and Gram negative bacteria (E. coli, K. pneumoniae, P. aeruginosa) precultured in nutrient broth and incubated for about 2 hours. The turbidity of inoculum was adjusted by using Mc farland standard as a reference. The tubes were compared with turbidity of 0.5 Mc farland solution (1-2* 10 8 cfu/ml) (Tandukar et al. 2017 ).
Phytochemical screening:
Phytochemical screening was carried out on ethanolic extract of spices for detecting its chemical composition especially for tannins (5% FeCl 3 ), fl avonoids (1% NH 3 ), terpenoids (0.5 chloroform) and alkaloids (dil HCl + Mayer's reagent) were employed during the study (Byadgi 2018) .
Determination of antimicrobial activity:
Antimicrobial activity of spices against the selected organism was determined by Agar well diffusion technique under aseptic condition. 20ml of sterilized molten Muller Hinton Agar was poured into sterile petri plates; after solidifi cation, fl eshly prepared inoculum was swabbed on respective plates with the aid of sterile cotton swab. By using sterile cork borer no 6, wells (diameter-7mm) were made in inoculated media plates which was fi nally fi lled with 50μl of working solution of different spices. The diameter of zone of inhibition was measured after incubation at 37 0 C for 24 hours (Dingle et al. 2009 ).
Determination of MIC and MBC:
The crude extract which showed antimicrobial and DMSO solution were subjected to two-fold serial dilution method by Finegold and Baron (2014) to determine MIC and MBC. For each bacterium, a set of dry screw capped test tubes were taken and labeled as 1,2,3,4,5,6,7,8,9,10,11 - 
RESULTS
A total of 6 different spices (Ginger, Gralic, Turmeric, Onion and Chili) were included in this study, collected from local houses of Lalitpur area. The crude extracts of spices were tested against altogether four pathogens.
Under phytochemical screening, tannins were present in all spices except garlic whereas fl avinoids were present only in turmeric and onion. Furthermore, terpenoids were present in garlic, turmeric and onion only whereas the alkaloids were present in all spices except turmeric. (Yadav et al. 2015) .
In this study, ethanol was used as a solvent although it itself has antimicrobial properties. The study is justifi ed as the ethanol was evaporated when heated MIC value was calculated for only two organisms i.e. S.
aureus and K. pneumoniae as these two organism were found to be most sensitive to ethanolic extracts whereas other two isolates were found to be insensitive to the extract as there was no any visible zone of inhibition. 
